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or a sequence comprising one or more IgG-bind- 
ing domains of Protein A, or the pro sequence of 
human apoAI; and Y represents the sequence of 
human apoAI or a genetic variant thereof. Hosts 
transformed with such vectors produce the protein, 
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-1- 
DESCRIPTION 

"HUMAN APOLIPOPROTEIN AI AND VARIANT FORM OF THE 
SAME EXPRESSED IN ESCHERICHIA COLI" 



The present invention relates to the production 
of human apolipoprotein AI (apoAl) and its variants by 
means of recombinant DNA technology. 

Atherosclerosis, and its attendant complications 
(i.e. coronary heart disease, CHD), is one and perhaps the 
most critical health problem in the world. A great number 
of risk factors have been associated with the development 
of the disease, one of the most important of these being 
elevated plasma cholesterol (CHL) levels. Thus, a great 
deal of attention has been devoted to the study of CHL 
metabolism in man. 

The lipoprotein transport system holds the key to 
understanding the mechanisms by which genes, diet and 
hormones interact to regulate the plasma CHL and 
triglyceride (TG) levels in man. The function of the 
lipoproteins in plasma is mainly to transport lipids from 
one organ to another. It has recently become evident that 
they not only solubilize hydrophobic lipids, but may also 
dictate the site of the body to which each lipid class is 
to be delivered. There are four main classes of 
lipoproteins: chylomicrons (CM), very low density (VLDL), 
low density (LDL) and high density (HDL) lipoproteins. 

For transport in plasma, TG and cholesteryl 
esters (CHLB) are packaged into lipoprotein particles in 
which they form a hydrophobic core surrounded by a surface 
monolayer of polar phospholipids (PL). The surface coat 
also contains unesterified CHL in relatively small amounts 
together with proteins called apolipoproteins (apo). At 
least nine apos have been identified: Al, All, Aiv, B 
(48-100), CI, CII, cm, D and E. 

Of particular interest is the investigation on 
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the relations between plasma lipoprotein levels and the 
risk o£ development of CH0, Both HDL and LOL eLre carriers 
of CHI» and CHLE; however there are indications that, while 
LDL-CHL levels are a positive risk factor (Kannel et al., 
Ann, intern^ Med>^ 90x85-91/ 1979)> HDL's are an important 
negative risk factor (Yaari at al«f Lancet, 1:1011-1015, 
1981), Although the precise function and mode of action of 
these lipoproteins has not yet been completely understood, 
it appears that HDL serves particularly to remove CHL from, 
peripheral tissues and transport it back to the liver, with 
a mechanism named reverse CHL transport (RCT) « 

The chief apolipoprotein of HDL is apoAI and 
several studies have shown an inverse association between 
plasma apoAl levels and CHD similar to that which has been 
documented for HDL-*CHL levels and CHD ( Ishikawa et al • , 
Eur. J\ Clin. Invest. , 8 : 179-18 2 , 1 91 S ) . In addi tioji^ bp th 
HDL-CHL and apoAI levels are inversely corrblated to the 
severity to angiographically demonstrable coronary 
arteriosclerotic lesions tPearson et al., Amer. J. Epidem. , 
109:285-295, 1979; Hacielko et al,. New Eng. J. tted. , 
309:385-389/ 1983). Thus it can be argued that high 
concentrations of HDL in plasma influence CHD by retarding 
atherogenesis and/or promoting regression of existing 
lesions. 

Coiaplexes of HDL apolipopr.oteins, mainly apoAI, 
and lecithin promote the efflux of free CHL from cells in 
vitro , including cultured arterial smooth muscle cells 
(Stein et al., Biochem. Biophys.: Acta , 380:106-118, 1975). 
Intravenous infusion of phosplidlipds in1:o animals with 
experimentally-induced atheroma favourably influences this 
efflux (Adams et al., Path. Bact., 94577-87, 1967), and 
apoAX/l^cithin complexes are cleared from plasma at a rate 
similaj^.^tp that of native HDL particles (Malmendier et al,, 
Clin. Chem.. Acta , 131:201-210, 1983). 

The intravenous infusi n of apoAI in CHL fed 
rabbits reduces the areas of lesion involv ment by 50%. 
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This indicates that apoAI has a protective effect on 
atherosclerotic lesion formation, possibily by decreasing 
CHL uptake by the aortic wall (Naclejko and ULao, 
ArtheriosclerosiS r 2:407a, 1982; ttao et al.. Fed, Proc. 
(USA) , 42, no 7 pABSTRACT 357, 1983; Badimon et al.. 
Cardiovascular Disease ^86 , 1986 ABSTRACT 81). 

ApoAI is the major protein o£ EVL, about 70%, and 
is relatively abundant in plasma with a concentration of 
1,0-1.2 mg/ml (Schonfield et al,, J> Clin, Invests 
69:1072, 1982). Plasma apoAI is a single polypeptide chain 
of 243 amino acids whose primary sequence is known (Brew r 
et al., Biochem. Biophys. Res. Commun./ 80:623-630, 1978). 
In its intracellular form apoAI is present as a 267 amino 
acid long, precursor; the first 18 N-terminal residues of 
this longer protein are cleaved intracellularly by the 
signal peptidase of the rough endoplasmic reticulum. The 
newly excreted apoAI still contains a 6 amino acid long 
N-terminal extension; the conversion into its mature* form 
is performed by a plasma and/or lymph specific protease 
(Zannis and Breslow, in Advances in -Human Genetics > Harris 
and Hirschhorn eds.. Plenum, 125-215, 1985). 

The C- terminal part of the apoAI molecule has 
been shown to consist of repeat units of 11 or 22 amino 
acids (McLachlan, Nature / 267:465-466, 1979); the tandemly 
arrayed segments are not exact duplications, however, but 
amino acid subsitutions have generally conserved the 
chemical type of residues in corresponding positions of the 
repeats. These repeat segments are presumed to exist in 
amphipathic helical conformation (Segrest et al., FEBS 
Lett. , 38:247-253, 1974), believed to be the major 
structural requirement for the main biological activities 
of apoAI, i.e. lipid binding and lecithin CHL 
acyltransferase (LCAT) activation. Two other functions of 
apoAl, acting as llgand for the recognition of HDL 
particles by a receptor, and removal of CHL from peripheral 
tissues, have not yet been related to specific. s gu nces or 
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domains in the apoAX molecule. 

The first described molecular variant of hxman 
apoAI is the Hilano (apcAI-KI) mutant (Franceschini et al.r 
J> Clin, Invest./ 66: 892-900 r 19B0). This is characterized 
by the Argl73-Gys substitution (Weisgraber et al., ( J* 
Biol. Chem., 258:2508-2513, 1983) ^ and was Identified in 33 
subjects belonging to the s^ame kindred. All of them were 
heterozygous for the mutant apoprotein r which is 
transmitted as an autosomal dominant trait. They showed 
markedly reduced HPL-CHL concentrations and 
hypertriglyceridemia of a variable degree * negatively 
correlated with the HDL levels, no associatioh between the 
mutant and specific pathological conditions could be 
established; indeed the affected subjects were apparently 
protected from the development of early atherosclerosis 
(Gualandri et al.^ Am. J. Hum^ Gen. , 19J6t, in. press). 

The amino acid substitution in the apoAI-HI 
modifies the structure of the mutant apoprotein, leading to 
a reduction of ordered alpha-helical structure and to an 
increased exposure of hydrophobic residues (Franceschini et 
^ al.^ J. Biol. Chemv, 260rl6321-16325, 1985). The 

remodelling of the mutant apoprotein is^ignifi can tly alters 
the lipid binding properties of the molecule which 
associates more readily than normal apoAI with lipids. 
Apoprotein/lipid complexes are similar to those formed by 
normal apoAI but are more easily destroyed by denaturing 
agents. The presence of a^ cysteine residue in the variant 
form allows the formation of complexes with apoAXX, as well 
as apoAI dimers; these protein complexes are probably 
responsible for the formation of he anomaXous. H0L particles 
observed in the "affected" subjects. All these features of 
apoAX-KX may contribute to its accelerated catabolism/ as 
well as to an efficient uptake capacity for tissue lipids. 

Several other genetic variants of apoAX have been 
described so far (Breslow, Ann. Rev. B io cheat, r 54:699-727, 
1985)/ .but none of these is associated with any 
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pathological conditions or, in general/ to significant 
alterations of lipoprotein metabolism in the carriers 
(Table 1 below) . 

ApoAI cDNA clones have been obtained by several 
laboratories (Breslow, Ann. Rev, Biochem>, 54:699-727, 
1985; Sharpe et al., Nucl, Acids Res., 12:3917-3932, 1984). 
The mRNA is about 890 base pairs (bp) long and presents a 
5' untranslated sequence of 35bp, a coding sequence of 
SOlbp (267 amino acids) , a translation termination codon 
(TGA) and a 3' untranslated sequence of 54bp followed by a 
polyA tail. The complete cDNA nucleotide sequence is shown 
in Figure 1 of the accompanying drawings • 

We have now found that recombinant DNA technology 
can be used successfully to produce proteins comprising 
apoAI or a genetic variant thereof. The variant maybe 
apoAI in which the 6-Ser has been replaced by Thr 
(apoAI-T6) , apoAI-MI or a variant which combines the 
mutations of both apoAI-T6 and apoAI-MI (apoAI-T6/MI) • The 
proteins can be detected by enzyme-linked immunoabsorbent 
assay (ELISA) with anti-apoAI anti-serum. The proteins 
which are produced may be in the form of fusion proteins in 
which the apoAI or genetic variant thereof is fused, at its 
N-terminus, to a carrier peptide. 

Accordingly, the present invention provides an 
expression vector capable of expressing, in a transformed 
host, a protein which is capable of being detected by ELISA 
with anti-human apoAI antiserum and which has the formula 
(1): 

Met-X-Y (1) 

wherein X is a bond, a carrier peptide sequence which 
comprises a sequence derived from the N-terminal amino acid 
residues of beta-galactosidase or a sequence comprising one 
or more igG-blnding domains of Protein A, or the pro 
sequence of human apoAI? and Y represents the sequence of 
human apoAI or a genetic variant thereof. 

The Met residue is attributable to the 
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tratislatioiial start codon- Hosts transforitted vith such an 
expression vector and in which a said protein is capable o£ 
being, expressed can be employed to prepare the protein of 
formula (1). The transformed host is cultured and the 
protein of formula (1) thus obtained is recovered. The 
proteins of formula (1) also form part of the invention. 

In preferred embodiments , the invention relates 
to A) the construction of recombinant plasmids bearing the 
genes fors 

1- apoAI (see Figure 1) 

2- apoAI-T6 

3- apoAr-Ml 

4- apoAi-T6/Mr 

5- apoAI with the following IT-terminal extension 
Thr-Met-Ile-Thr-Pro-Ser-Phe-Asp-Gly-Ser-Ilet- ( apoAI-RFS ) , 

6- -apoAJ with the following n-terminal extensioi^L 
Thr-Met-Ile-Thr-Asn-Ser-Arg-aiy-Ser-Met- {apoAl-rPl)r - 

7- the protein which combines apoAI-*T6 and apoAl-RP5 
(apoAI-RP5/T6), 

8- the protein which combines apoAl-T6 and apoAl-lPl 
(apoAI-IPr/T6) , 

9- the protein which combines apoAl-Ml and apoAI-KP5 
(apoAX-RP5/lfI) , 

10- the protein which combines apoAI-MI and apoAI-IPl 
(apoAI-IPI/MI) r 

11- ^the protein which combines apoAI-T6/Hl and apoAI-RP5 
tapoAI-RP5/T6/MI ) , 

12- ^the protein which combines apoAI-TS/MI and apoAX-lPl 
(apoAl-IPl/T6/Hi ) and 

13- apoAI with, the following N-terminal. extension 
Arg-HiB-Phe— Trp-Gln-Gln (prbapoAI) 

14- the protein which combines proapoAX and apoAI-MI 
(proapoAI-MI) 

15- the proteins of 541 amino acid residues with a 
N-terminal extension provided by staphylococcal protein A 
and which are composed of,, from their N-terminus: 
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(the first 11 amino acids of the CRO protein of phage 

lambda)- (248 amino acids of staphylococcal protein a 

(residues 23 to 270) )-(Pro-Gly-Asp-Ser-Thr )-( the last 17 

amino acids of beta-galactosidase)-( the 17 amino acids 

which contain a recognition sequence for the proteolytic 

enzyme enterokinase and which are Gly-Asp-Pro-Glu-Phe-Val- 

Asp-Asp-Asp-Asp-Lys-Ser-Ser-Arg-Gly-Ser-Met )-( apoAI , 
apoAl-T6, apoAI-Ml or apoAl-T6/Ml ) ; and 

B) the expression of these genes in Bscherichia coll (e^ 
coli) strains. By expression of these genes, the following 
proteins are obtained: 

- an apolipoprotein selected from Met-apoAl, Met-apoAI-TS , 
Met-apoAI-Ml and «et-apoAI-T6/MI; 

- a fusioh protein wherein the amino acid sequence 

Met-Thr-Met-lle-Thr-Pro-Ser-Phe-Asp-Gly-Ser-Met- 
is fused to an apolipoprotein selected from apoAl, 
apoAl-re , apoAI-Ml and apoAI-T6/MI i 

- a fusion protein whereiji the amino acid sequence 
Met-Thr-Met-lle-Thr~Asn-Ser-Arg-Gly-Ser-Met 

is fused to an apolipoprotein selected from apoAl, 
apoAl-T6, apoAI-MI and apoAl-T6/MI; 

- a proapolipoprotein proapoAl or proapoAi-Mi; and 

- a fusion protein composed of (the first 11 amino acids of 
the CRO protein of phage lamda)-(248 amino acids of 
staphylococcal protein A (residues 23 to 
270))-(Pro-Gly-Asp-Ser-Thr)-(the last 17 amino acids of 
beta-galactosidase)-{the 17 amino acids which contain a 
recognition sequence for the proteolytic enzyme 
enterokinase and which are Gly-Asp-Pro-Glu-Phe-Val-Asp- 

Asp-Asp-Asp-Lys-Ser-Ser-Arg-Gly-Ser-Met)-{apoAI, apoAl-T6, 
apoAl-ni or apoAl-T6/Ml ) . 

In the accompanying drawings: 

Figure 1 shows the complete nucleotide sequence 
corresponding to the mature form of human apoAI. Th 
s quence is shown in the mRNA s nse in the 5' to 3' 
direction, the low r line shows the amino acid sequence ' 
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Figure 2 shows the reconstruction of the 5' end 
o£ the gene coding for mature human apoAI. A SNA fragment 
from plasmid pAl/A, starting at the first Sau 3AX * 
restriction site^ was ligated to a synthetic 
oligonucleotide adapter assembled by annealing and ligating 
the single-stranded precursors 1-4. The resulting 790 bp 
frragmentr flanked by two Bam HI restriction sites, codes 
for the mature apoAi molecule* 

Figure 3 relates to the nucleotide sequence of 
pLS66 and pHLll-ZQ. The sequences show the junction 
between the ATG start codon of pFC£4'^ and the beginning of 
the apoAI gene before (pLS66, and after the deletion 
(pMlrll-20^ B) . 

• Figure 4 relates to^ the nucleotide, sequence cf 
pIL8-6 and .pIL8-^I« The sequences show the presence of the 
apoAI-JIX mutation (C to T) in pIL8-l (AJ and of the 
.apOAI-TS mutation ( 6 to C) in: plL8>-6 (B) * 

Figure 5 shows immunoblot analysis of pKLll-2Q.^ 
Aliquots q£ the eluted material out of the affinity column 
and of a standard human HDL fraction were boiled and 
electrophoresed in duplicate on a 12..5% SBS-FAGE. Blotting 
on nitrocellulose filter was performed as described in the 
text. Lanes: 1- standard HDL;. 2- eluate from the affinity 
column; 3- IfL^ standards. 

Figure 6 shows immunoblot analysis of pRFS and 
pirc9. Aliquots of bacterial cultures, bearing the wild 
type pUC9 or the recombinant pRPS plasmids, induced with 
IPTGr were pelletted and resuspended in the appropriate 
buffer for gel electrophoresis in parallel with a standard 
human HDL fraction; after boiling samples were 
eletrophoresed on 12.5% SOS-PAGE. Blotting on 
nitrocellulose filter was performed as described in the 
text. Lanes: 1- standards; 2- standard HDL; 3- pUC9; 4- 
pRP5. 

Figure 7 shows the construction of plasmid pLH8, 
in which the boxes indicate the following: PHOT A, AMP, 
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LAC Z and APOAI: genes coding for protein A, -lactamase, 

-galactosidase and human mature apoAI; CRO; sequence 
coding for the first 11 amino acids of the lambda cro 
protein; T: protein A transcription termination sequence; 
PI: phage fl packaging sequence; ORI: origin of 
replication; Ek.AD: proteolytic site sequence recognized by 
enterokinase. EcoRI and Clal sites in plasmid pLMB are not 
unique ♦ 

Figure 8 shows the reconstruction of the 5' 
proapoAI sequence • 

Figure 9 shows the construction of vector pPC33 
which is capable of expressing proapoAI. 

Figure 10 shows a gel electrophoresis and 
immunoblot analysis of the proapoAI expressed by pFC33. 
Lanes 1: HDL standard/ Lanes 2: Non-recombinant strain. 
Lanes 3: proapoAI and Lane 4: Molecular Weight Standard. 

An expression vector according to the invention 
is a vector capable of expressing DNA sequences and; in 
particular, the sequences of structural genes which the 
vector contains. The DNA sequences to be expressed are 
correctly positioned in relation to the upstream sequences 
which control their expression. Any suitable promoter 
system may be employed taking into account the protein to 
be expressed, the nature of the host, etc. Thus, a 
promoter selected from the P^, lac , tac and trp promoters 
may be employed. In the present instance, the 5'- 
regulatory sequences are heterologous with respect to the 
apoAI or genetic variant thereof to be expressed. The 
regulatory sequences may be those of the lac or trp operon. 
In other words, an expression vector of the invention is 
capable of expressing a heterologous protein wherein the 
heterologous protein is apoAl or a genetic variant thereof. 
Preferred genetic variants are apoAI-T6, apoAI-MI and 
apoAI-T6/MI. 

The expression vectors of the present invention, 
containing a DNA sequence encoding a protein of formula 
(1), are typically plasmids. They may be single-stranded. 
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Each vector is replicable, containing origin of 
replication. . Preferred expression vectors are derived from 
plasmid pFC£4*f in the case of expression of apoAI or a 
genetic variant thereof, pUC8 or pUC9 in the case of 
expression of a fusion protein where the carrier sequence 
comprises a seguence derived from, fil-terminal amino acid 
residues of beta-galactosidase, ptM2 where- the carrier 
sequence comprises one or more igG binding domains of 
Protein A and pDS20 where proapcAl or a genetic variant 
thereof is being expressed* 

In order to express the protein comprising apoAl 
or a genetic variant thereof, a suitable host is 
transformed with an expression vector according to the 
invention'. A procaryotic or eurcaryptic host may be 
employed such as bacteria ^ yeast or a mammalian cell line. 
Typically, the host is a strain of ^ Col i . A host should 
be chosen in which the desired protein is not degraded by 
cellular proteases. In general termsr therefore, a protein 
comprising apoAI or a genetic variant thereof may be 
obtained according to the following procedure T 
li Cloned apcAI cDNA is selected. 

2. The cDNA is tailored so that the apoAI gene is provided 
with restriction sites at both ends so it becomes readily 
movable. This may entail removing the sequiences coding for 
the signal. peptide and propeptide. 

3 . The apoAI gene -is inserted in an expression vector in 
the correct reading frame. Mutations T6 and/or MI may be 
introduced. The apoAI gene or variant gene may be the sole 
structural gene in an operon. - Alternatively jr it may be 
provided atit ached at its 5 '-end to a DNA sequence encoding 
a carrier peptide where it is desired to express the apoAl 
or genetic variant thereof as a fusion protein. 
4» A host in which, the apoAI or genetic variant thereof is 
capable of being expressed is transformed with the 
expression vector. 

5» The transformed host is cultured and the desired protein 
thus obtained is recovered,/ 
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Where a gene encoding apoAI or a genetic variant 
thereof is available without one or more introns, this gene 
may be inserted in frame in a vector under the 
transcriptional control of a promoter provided in the 
vector. The gene may be inserted immediately after a DNA 
sequence encoding a carrier peptide sequence* A DNA 
sequence encoding a protein of formula (I) can therefore be 
provided between translational start and stop codons in a 
vector providing the suitable promoter- Similarly/ a gene 
encoding proapoAI or a genetic variant thereof can be 
inserted in a vector. Culture of a host transformed with 
the resultant expression vector leads to production of the 
desired projtein. 

The carrier peptide portion of a fusion protein 
may be derived from N- terminal amino acid residues of 
beta-galactosidase . It may be derived from, for example, 
up to the first fifteen N-terminal amino acid residues of 
beta-galactosida'se • Preferably the residues are residues 5 
to 15/ more preferably residues 8 to 12. Preferred carrier 
peptides obtained in fchis way comprise the sequences: 
Thr-Met-Ile-Thr-Pro-Ser-Phe-Asp-Gly-Ser-Met or 
Thr-Met-Ile-Thr-Asn-Ser-Arg-Gly-Ser-Met 

When fusion proteins incorporating such carrier 
peptides are expressed, they are preceded by Met. This 
applies too where the alternative carrier peptide 
comprising one or more of the IgG^binding domains of 
Protein A is employed. Such a carrier sequence may 
comprise the entire sequence of Staphylococcal protein A, 
or residues 23 to 270 of this protein. An amino acid 
sequence including a recognition site for a proteolytic 
enzyme such as enterokinase , factor X or collagenase, may 
immediately precede the sequence for apoAI or a variant 
thereof. A suitable sequence is: 

Gly-Asp-Pr o-Glu-Phe-Val-Asp-Asp-Asp-Asp-Lys-Ser-Ser-Arg- 
-Gly-Ser-Met. 

This is a recognition sequence for enterokinase. 
Other amino acids may be present in the carrier sequence. 
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For example there may be a linking sequence of up to 30 
residues between the Protein A sequence and the sequence of 
a proteolytic enzyme recognition site, "The N-terminal 
portion o£ the carrier sequence nay comprise the first 
residues, for example up to 20 residues, of the structural 
gene naturally controlled by the promoter provided in the 
expres^&ion vector. Fusion proteins comprising a 
XgG*binding domain of Protein A are water-soluble, 
reasonably stable in an a^queous environment and are easily 
purified to homogeneity by affinity chromatography, e.g. on 
IgQ-coupled Sepha-rose. 

With or without the N-terminal extension provided 
by a carrier peptide, recombinant proteins of formula (I) 
are typically provided essentially free of other proteins 
of human origin. In other words, a protein is provided in 
essentially pure .form^ unaccompanied by protein with which 
it is ordinarily associated. 

The protein comprising apoAl or a genetic variant 
thereof may be employed in a method of treatment of the 
human or animal body by therapy. Jfore particularly^ it may 
be used to lower plasma cholesterol and/or triglyceride 
levels. Thus, a protein may be used to combat 
atherosclerosis and cardio-^vascular diseases such as 
coronary heart disease. The protein may be administered 
preventatively or for the amelioration/cure of an existing 
condition. 

A protein produced according to the invention may 
therefore be provided as a pharmaceutical composition also 
comprising a pharmaceutically active carrier or diluent. 
Such compositions may be formulated in knomi manner. The 
protein may be adminstered parenterally, for example 
intravenously. 

The following Examples illustrate the invention. 
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Example 1 

MATERIALS AND HETHOPS 
Strains gmd Media 

Strains: Coli X12 JMlOl (Messing et al.. 
Nature, 314:309-321, 1981}^ MC 1061 (Casadaban and Cohen, 
J> Hol> Biol> 138U79-207, 1980), 71/18cl857 (Lorenaetti t 
al., Gene , 39:85-87, 1985), R1.841 ( Kenkel, ProcNatl , 
Acad. Sci. USA , 82:488-492, 1985), CAG629 ( rpoHl65, Ion -; 
C.A. Gross, Madison, l^isconsin). 

Media: AH jstxains ^ere grown in LB medium with 
50 ug/ml ampicillin -when needed (LA medium). 1 mM IPTG was 
added to media to derepress thfi lac promoter when 
appropriate. 

Enzymes, enzymatic reactions and DNA purification 
Lysozyme was from Sigma (St« Louis, MO, USA). 
Restriction endonucleases were from Boehringer (Mannheim, 
DE), BRL Inc. ( Gaithesburg, MD« USA) or New England Biolabs 
(Beverly, MA, USA); ^4 lipase and all other enzymes were 
from Boehringex. ^All enzymatic reactions were performed 
according to the supplier's instructions unless otherwise 
specified. ONA fragments obtained by restriction 
endonuclease digestion were separated by electrophoresis in 
agarose horizontal gels or polyacrylamide vertical gels and 
extracted from the gel matrix by a modification of the 
electroelution method, using an ISCO Mod.- 1750 concentrator 
(ISCO Co,, Lincoln, WB, USA) and further purification on 
Elutip-d columns (Schleicher and Schuell, Reene, NH, USA). 

Enzyme immunoassay for apoAI recognition in 
bacterial extracts (ELISA) 

Pelleted cells were xesuspended in lysis buffer 
(50 mM Tris-Cl pH 7.0, 30 mM NaCl, 0.1% NaN^ , 10 mg/1 
PhenylMethyl Sulfonyl Fluoride). The solution was made 1 
mg/ml with lysozyme and was jstirred at 4**C for 30 min. 
After 5 freeze-thawing cycles r the extracts were subjected 
to enzyme immunoassay as follows. 

A standard 96 well microtit r plate was coated 



wo 88/03166 



PCT/EP87/00621 



-14- 

with appropriate dilutions of anti-human apoAI antiserum 
raised in sheep (Bbehringer, Mannheim/ D£) overnight at 
A'^C* After 3 washes with lOmtt Tris-Cl pH 8.0 containing 
0*05% Tween-2D and 0.01% Kerthiolate/ 50 //I of serial 
dilutions of apoAI standard (TAGO Gorp.^ Burlingame/ CA, 
USA) or o£ bacterial extract were added and incubated for 1 
h at 37*^ C. After 3 washes with the same buffer, 50 /rl were 
added of ah appropriate dilution of rabbit anti-human apoAI 
antiserum (Immuno Ltd«, Dunton €reen. Nr. Sevenoaks, Kent, 
GB) further purified by ammonium sulfate precipitation. 
After 1 hr at 37** C and 3 more washes^ the wells were 
stained with a protein A-horseradish peroxidase kit 
supplied by New England Nuclear, (Boston, MA, USA) 
according' to the instructions of the manufacturer. 

Coupling of sheep anti-human apoAI to Af figel 10 
Preparation of the sheep and anti-apoAI antibody 
(Boehringer, Manneheiisi, DE) z 20 ml of undiluted antibody 
solution were dialyzed against 0.1 tt Phosphate buffer pH 7, 
overnight at 4*^0 stirring continuouslyf then all debris 
were spun down saving the supernatant* 

Preparation of Affigel.lO (Bio-Rad, . Richmond, 
CA): 40 ml were equilibrated at room temperature before 
repeated (4-5 times) cycles of washing with half volume of 
isopropyl alcohol and then with double distilled water; the 
gel was dried down by filtration and transferred to a 50 ml 
falcon tube adding the dialized antibody. The tube was 
then incubated at 4*'C for 8 hours stirring continuously and 
1 ml of 1 M glycine ethyl ester was added; incubation 
continued overnight. The gel was then extehsiveiy washed 
with the following sjolutions: , 

- 100 mi of PBS: -I- 0.1% sodium azide . 

- " " " 1 H acetic acid 

^ ^ •» " 0.1 M phosphate buffer pH 7 + 0.5 K 

NaCl 

_ If Iff n PBS + 0.1% .sodium a2:idef 
packed into a column and equilibrated with the loading 
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baffer (PBS + lOmg/1 PMSF + 10 mg/l Pepstatin A) . 
Iimnunoblot analysis 

Samples were run on polyacrylamide slab gels (at 
the appropriate concentration) using the Laeramli method. 
Then the gels were transferred on nitrocellulose filters 
using a transblot apparatus (Bio-Rad) at 0.2 A for 4 hours 
at 4°C in 25 raM Tris Base, 192 mM Glycine, 20% Methanol. 
After transfer the filters were washed with distilled water 
and then incubated 1 hour with PBS + 3% BSA with gentle 
shaking. Filters were washed again with distilled water 
and incubated with the first antibody (the same used in 
ELISA as second antibody) diluted 1:250 with PBS, and 
incubated l.hour at room temperature. After 2 washes with 
PBS and PBS + a. 05% Tween 20 the filters were incubated 
with the second antibody (anti rabbit IgG raised in goat 
conjugated with horseradish peroxidase; Bio-Rad) diluted 
1:7500 for 1 hour at room temperature. After two more 
washes, filters were stained with 4-chloro-l-napthol . -• 

RESOLTS 

5' end reconstruction of the apoAI gene 
A full-length cDNA clone coding for apoAI (pAI/A> 
was obtained from a human liver cDNA library having the 
coding sequences for the signal peptide, the propeptide and 
the whole mature apoAI protein (Sharpe et al., Nucl. Acids 
Res. , 12:3917-3932). We reconstructed the 5' end of the 
gene such that all sequences upstream of the first codon of 
mature apoAI were removed. For this purpose, plasmid pAl/A 
was digested with EcoRI and BamHI and an 890 bp fragment 
containing the cDNA insert was isolated and recovered from 
a 1% agarose gel. The fragment was restricted with Sau3Al 
under partial digestion conditions, and the mixture was 
ligated with a phosphor yla ted synthetic adapter which had 
been designed to reconstruct the coding sequence for the 
first 9 amino acids of the mature protein, optimizing the 
sequence according to codon usage in E. coli . The adapter 
was prepared as follows: four oligonucleotides were 
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synthesized by the phosphotriester method (Crea and Horn, 
mcl. Acids -Res,, 8:2231-2348, 1980). 

1. -GATCCATGGACGAGCC-3'" 

2. 5' -ACCGCAGAGTCCATGG-3 ' 

3. 5' -CG6T6GCTCGTCCATG-3 ^ 

4. 5' -6ATG<2GAT<5GACTCTG-3 ' 

All four oixgonwcl^dfeid^s We-te- lifat«d feoge^the-f 
in equal molar aiaouhts, the ligation mixture was treated 
with Sau3AI and the adapter was eluted and purified from a 
polyacrylamide gel. The resulting sejquenpe of the adapter 
is illustrated in Pig. 2, 

The ligation mixture containing the purified 
adapter and the partial Sau3AI-cut apoAI fragment was 
digested with BamHI, A 790 bp fragment was purified from a 
polyacrylamide gel and ligated to Baa^I-cut pAT153-PvuIl8 
treated with Calf Intestine Phosphatase. After 
transformation of nc 1061, recombinants were screened by 
hybridization with phosphorylated oligonucieotide 3 as a 
probe. Fositive ^colonies were isolated and further 
charaterised by restriction enzyme digestion and sequencing 
by partial chemical degradation aiccording to Ma:tam and 
Gilbert ( Methods Engymol.r 65:499-560, 1980). The plasmid 
having the adapter in the correct orientation was 
designated pAI/12. 

Thus reconstructed, the 5' end of the a'poAl gene 
was preceeded by an ATG start codoii and a BamBX cohesive 
end. using this strategy, the mature^ ^P^^I coding, sexjuence 
could be moved to any expression vector carrying a BamHl 
site after the Shine-Dalgarno sequences. 

■Construction of recombinant vectors using pFCS4 -f 

The BamHZ fragment containing' the modified apoAI 
gene was purified and subcloned into the BamHI site of 
pFCE4+ (Lorenzetti et al., 1985). The resulting 
construction with the corr ct rientation of the insert was 
verified by the dideoxy chain termination sequencing 
(fig.3A). This plasmid. was named pIrS66. 
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Using this strategy, the apoAI gene was Inserted 
out of frame with respect to the ATG start codon already 
present in the vector. Thus, the next step was to restore 
the reading frame by positioning the apoAI gene imaediately 
after this ATG codon, 

In-frane positioning 

Using the pFCE4 system the in-frame positioning 
of a cloned gene can be performed using "bridge" 
oligonucleotides, having sequences complementary to the 
stretches of bases flanking the region to be deleted on 
either side (Sollazaso et al.. Gene , 37t 199-206, 1985). 

To do so, we synthesized, by the phosphotriester 
method, a single-stranded oligonucleotide having the 
following* sequence: 

5 ' -CTTACATATGGACGAGCC-3 ' • 

This oligonucleotide should anneal with- its 5' 
end to the region immediately, preceding and including the 
ATG of the vector (nucleotides 1 to 10), and with, its 3' 
end to the first 8 nucleotides of the apoAI gene, thus 
looping out the 8 extra nucleotides present in pLS66 (Fig. 
2). The ssDNA of pLS66 was prepared as" describe* j Kunkel , 
Proc. Natl. Acad. Sci. USA , 82: 488-492, 1985) using E. 
coli RL841 as host. This bacterial strain is a derivative 
of E. coli RZ1032 containing plasmid pCI857 (M. Zabeau) 
which produces a temperature sensitive repressor for the P^^ 
promoter present in pFCE4. 

Using this protocol, the ssDNA produced by this 
strain contained several uracil residues in place of 
thymine, thus acting as a normal functional template "in 
vitro" but not being biologically active upon 
transformation into a wild-type (ung+) E. coli 71/18cl857 
strain, which is the normal host for these plasmids. 

0.1 pmoles of pLS66 ssDNA were annealed with 2 
pmoles of kinased mutagenic oligonucleotide (a 20 fold 
excess) at 56*C for 30 min in 15 mM Tris-Cl, pH 8.5, and 15 
mM MgClj . Aft r cooling to room temperature the 
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elongatioti-ligation mixture was added and the reaction was 
continued at 15'C ovetnight* The elbn'gation reaction 
mixture was as follows (final concentrations): 10 mM 
Tris-Cir pH 8.5 f lOmK MgCl^f 0.5 mM ATP; D.05 mM dNTPs; 5 
mH DTT; 1 unit of ONA polymerase/ Rlenow. fragment and 1.5 
units of ir4 BNA ligase. 

After incubation the reaction mixture was phenol 
extracted, isopropanol and ethanol precipitated; . 
71/18cI18S7 competent cells were transformed and plated an 
selective mediumir LA^ In order to identify clones that 
contained the desired deletion, 150 colonies were picked, 
grown on ordered plates and transferred onto nitrocellulose 
filters* The hybridization was performed at room 
temperattixe in 6x SSC and lOx Denhardt's using^ the 
mutagenic oligonucleotide as a probe. The filters were 
then washed iu 6x SSC aiid Q.1% SDS at two different 
temperatures: the first time at room temperature, to check 
for hybridisation efficiency, .and then at 50*C,.i,e. 4**C 
below the theoretical melting- temperature* - This was 
calculated according to the following formula, "Tm - 4xGC + 
2xAT, where GC and AT are the numbers of pairings formed by 
the oligonucleotide with the mutagenized- template 
tNorrander efc ai. , Gene, 26 r 101-106, 1983) .. After each 
washing the filters were exposed with X-ray sensitive 
films. Candidate mutant colonies, yielding positive 
signals also at a stringent, temperature jr were confirmed by 
didedxy chain-- termination sequencing (Fig. 3B). The 
efficiency of this protocol is rather high, about- 50%^ 
p#CB4+ with the apoAl gene cotrectly p<>siti6ned in fraie^ 
was named plILll-20. 

Construction of apoAl variants T6 and HI 
Both pL566 and pMLli-20 were used as templates 
for the construction of the two variants ajpoAI-T6 and 
apoAI-MI* We decided to use both templates to obtain at 
the sam time, the variant genes, correctly positioned in 
frame and in a transposable BamHl fragment. 
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For this purpose two single oligonucleotides were 
synthesized by the usual protocol: 

1. 5' -CACCGCAGACTCCATGG-3 ' for the T6 mutation 

2. 5' -GCGCCAGTGCTTGGC-S' " " MI " 
indicating with number 1 the £irst nucleotide of 

the first codon of mature apoAI, oligonucleotide 1 should 
anneal from residues 8 to 24, with a mismatch in position 
17 (G to C). Oligonucleotide 2 shoud anneal from residu s 
510 to 524/ with a mismatch in position 517 (C to T). 

The mutagenesis experiments were performed using 
the same protocol described for the in frame positioning 
(Fig. 4A and B). For the double mutants we first obtained 
the T6 mutation and then added the Hi mutation. 
, The resulting plasmids were named: 
pIL5«$ m apoAI^T6 between two Bam Hi sites 
pIL5-I » apoAI-MI It If It If 

PIL5-61 • apoAI-Te/MI between two Bam HI sites 
pIL8-6 - apoAl-T6 in frame 
plL8-l ^ - apoAI-MI " " 
pIL8-6l - apoAI-T6/MI in frame 
Construction of the variants apoAI-RP5 and IPI 
The DNA fragments containing the apoAI gene and 
its variants T6 and MI were excised from plasmids pLS66, 
pIL5-6, pIL5-I and pIL5-6l by Bam HI digestion and were 
purified on a 1% agarose gel as described. The fragments 
were then ligated to pUC8 and pUC9 (Vieira and Messing, 
Gene , 19: 259-268, 1982), both linearized with Bam HI. 
After transformation of JMlOl competent cells, recombinant 
plasmids were identified by the rapid disruption method and 
verified by cutting isolates with Bam HI. Two opposite 
orientations of the insert were distinguished by cutting 
with Hind III and Xho I. 

Constructions with pUC8 had the apoAI gene 
already in frame, immediately preceeded by a methionine 
residue and the first 9 amin acids of the alpha-peptide 
from the bacterial beta-galactosidase gene; this resulted 
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in a 10 amino acid extension at the N-terminal of the apoAI 
molecule o£ beta-gala tosidase.^ 

All the recombinant plXC9 derivativesr containing 
the apoAI genes in the correct orientation^ required more 
work to put the apoAI gene in frame* They were first cut 
with the restriction enzymes Hind XII and Sal I between the 
ATG translation start and the apoAI gene. The cohesive 
ends generated by cutting were filled in with DNA 
polymerase (Klehow fragment) and then rellgated with T4 DNA 
ligase. This resulted in the deletion of 10 nucleotides at 
the multiple cloning site of pUC9 , in front of the apoAI 
gene J. thus restoring the correct reading frame. 

The recombinant plasmids were named: 
,a) pUCB series 

pIPI » with apoAI-IBI 

pIPI-6 « " " " /T6 

pXBI-I ' » " " " /Mi 

pXPl-61- - » - " /TS/MI - - 

b) pUC9 series 

pRP5 » with a^oAI-RP5 

PRP5-6. « « . " /T6 

PRP5-I - " " " /MI 

PRP5-6I * " " /T6/MI 

The rationale to obtain the extended variants was 
that expression levels were increased by the presence of- 
the l^-terminal end of bacterial beta-galactosidase, ' the 
Sequence naturally occurring after the regulaLtory elements 
present in the plast&ids. 

Expression in coli strains 

1) All recombinant. pFCfi4 derivatives were 
transformed in the haGterial host CA(3S29 bearing the 
plasmid pCI856 (already described in the "In Frame 
Positioning" section)* 

Overnight cultures grown at 32** C were diluted 
1:10 in LA and grown in shaker flasks till OD 0*5-0,6, 
then the temperature was. shifted at 42° C and incubation was 
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continued for 1-2 hours. After induction, cells were 
chilled on ice for 10 min. and pelleted by centrifugation. 
The pellets were then treated as described in the "ELISA" 
section to break the cells. The cell extracts were 
centrifuged at 16.000 rpm for 30 min. at 4''c and the 
supernatant applied to the affinity column described in 
''Materials and Methods". After extensive washing the 
retained proteins were eluted with IK acetic acid. The 
eluted fractions were assayed by iauaunoblot analysis (Fig. 
5) and by "ELISA"; preliminary results obtained with 
pMLll-20 averaged around 0.2 mg of apoAI per liter of 
culture. 

Similar results were obtained with all other 
constructions bearing mutations apoAl-T6, apoAl-MI and 
apoAI-T6/MI . 

2) All recombinant pUC8/9 derivatives were 
transformed in the bacterial host MC1061. 

Overnight cultures grown at ST^'C were diluted- 
1:100 in. LA and grown in shaker flasks for 1 hour prior the 
addition of 1 mM IFTG, then incubation was continued for an 
other 4-6 hours. After this time the cells were chilled on 
ice for 10 min. and pelleted by centrifugation. From this 
step on, the extraction procedures were the same as those 
described for the pFCE4 derivatives. Crude extracts of 
cells containing pIPI and pRP5 were assayed by immunoblot 
analysis (Fig. 6) and by "ELISA"; preliminary results 
averaged around 10 mg of apoAl per Liter of culture. 

Similar results were obtained with all other * - 
constructions bearing mutations apoAI-T6/ apoAZ-MI and 
apoAl-T6/MI in combination with both apoAI-RP5 and 
apoAI-lPl. 
Example 2 

Other variants were constructed using the vector 
pRIT2T (Pharmacia, Sweden) in which a 949 bp fragment 
bearing the apoAl gene, was inserted into the Sma 1 site of 
that V ctor. The protein expressed by this plasmid was 
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composed of S41 amino acids. These ate, from the 
K-terminal eird, the first 11 amino acids of the CRO protein 
of phage lambda, followed by 248 amino acids of the 
Sequence for staphylococcal protein A (from residues 23 to 
270 K 5 unusual amino acids (ProrrGiy-Asp-Ser-Thr > due to 
the Junction vith the last 17 amino acids of the 
beta-galactosidase of E. coll and 17 amino acids, which 
contain the recognition sequence for the proteolytic enzyme 
enterokinase, Gly-Asp-^Pro-Glu-Phe-^Val*rAsp-Asp^Asp-Asp--Lys- 
Ser^Ser-Arg-Gly-Ser-Met) , which immediately precede the 
sequence of the mature hiiman apoAI (named CPA-AI> or its 
variants apoAl-T6jf apoAI-MI, apoAI-TS/lll . These chimeric 
proteins are stable and soluble in aqueous solutions. 

^ The interaction of CPA-AI with rat hepatocytes 
and with mouse macrophages in culture has been studied. 
Incubation of ^ ^^l-labelled CPA-AI with the cultured cells 
at 4*C shows that the hybrid protein binds to the cell 
surface with binding parameters similar to HDL. The hybrid 
protein is taken , up by the cells at 37*^C and is shown to be 
inter^ialiied* This behaviour resembles that of natural 
apoAl when associated with lipids to form HDL particles. 
MATERIALS AND METHOQS 

Materials . . 

HDL (l».09<d<1.21 g/ml) was prepared from human 
plasma on a discontinuous KBr gradient. The HDL was 
extensively dialysed against PBS, Imn EDTA to remove the 
KBr and stored at 4^C« Suman transferrin (Sigma) was 
loaded with iron according to the method of Klausner et al 
(J. Biol. Chem. 25B, 4715-4724, 19fl3). BSA was esselitia^ly 
rgG free (Sigma, A 7538} • Staphylococcus aureus protein A 
was from Pharmacia «r Hanks^ balanced salt solution 
containing phenol red was from Gibco. 

Cells and cell culture 

Fao cells, a rat hepatoma cell line established 
and characterised by Deschatrette and Weiss ( Biochemie 56, 
1603-1611, 1974), were cultivated in monolayer in Coon's 
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modified Ham's F12 medium (Seromed) supplemented with 5% 
fetal calf serum (PCS), 100 units/ml penicillin, 10G>c/g/ml 
streptomycin, 2mM glutamine and lOmM HEPES buffer pH 7.4. 
J774 cells, a mouse macrophage cell line (Ralph et al, 
J. Immunoloc^Y 1", 898-905, 1975), were maintained in 
spinner suspension culture in d-mem medium containing 4.5% 
PCS, penicillin, streptomycin, glutamine and HEPES buffer 
pH 7.4 at concentrations as below. 

Bacterial strains and plasmids 
The bacterial hosts were E. coli strains HBlOl 
(Boyer and Roulland-Dussoix, J. Mol. Biol. 41, 459-472, 
1969) and RRl M15 (Langley et al. Proc. Natl. Acad. 5ci. USA 
72,1254-1257, 1975). The plasmids used were pNF2690 
(Nilsson €t al, EMBO J. 4, 1075-1080, 1985) and pLM3 
(Monaco et al Atti Conveo no conoiunto A.G.i.-s.i.b.b.m. , 
195-196, 1985); pRiT^T is sold by Pharmacia, Sweden. 
DNA constructions 

Restriction enzymes, Kl enow" DNA polymerase and T4 
DNA ligase were purchased from Boehringer Mannheim and us d 
according to the supplier's specifications. Transformation 
of E. coli was performed according to Morrison ( Metho ds 
Enaymol. 68, 326-331, 1979). ""^ 

Expression of t he hybrid t^ ene 

The hybrid gene, under the control of the lambda 
P« promoter, was expressed essentially in accordance with 
Zabeau and Stanley (EMBO j. 1,1217-1224, 1982). Bacteria 
were grown at SO'c to 0D,„, - 0.9. The temperature was 
guxckly raised to 42«C by addition of an equal volume of 
broth pre-heated at 54" C. Cultures were incubated at 42' C 
for 90 min before harvest . Total cell lysates were loaded 
on gels as described by Zabeau and Stanley (1982). 
Purific ation of the hybrid protein 
The method of Mars ton et al ( Biotechnol ogy 2, ' 
800-804, 1984) was followed f r the purification of the 
hybrid protein. Bact rial pellets were resusp nded in 3 
V lumes (w/v) of, buffer A (50mM Tris/HCI pH 8.0, 50 «M 
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NaCl/ IffiM EPTA) and sonicated 5 X 20 sec on ice. After 
centrifugation (10,000 rpm, 10 min at in a Sorvall SS34 
rototr) ^ the pellet was resuspended in 9 volumes (w/v) of 
buffer A cotttainirig 0.5% Triton X-100,10 mM EDTA and left 
at room temperature for 5 min«. The suspension was 
centrifuged as above and the pellet was resuspended in 9 
volumes (w/v) of buffer A containing 8 n urea and incubated 
at room temperature for 1 h. 

The urea suspension was added to 9 volumes (v/v) 
of 50 mH potas&iiua phosphate buffer, pH 10^7, 50 mH NaCl, 1 
mH EDTA and Stirred for 30 min at room temperature while 
keeping the pH at 10.7 fay addition of KOH/ The suspension 
was then neutralised and dialysed at i^C against buffer A* 
The dialysed suspension was centrifuged as above; the 
hybrid protein in the clear supernatant was already 
reasonably pure, the average yield of hybrid protein at 
this stage was 50-60 mg per liter of bacterial culture, A 
further purification was achieved by affinity 
chromatography on rgG:*Sepharose -6 -PF (Pharmacia). The 
sample was loaded onto the column^ wa&hed sequentially with 
PBS containing 0.05%,Tween 20, PBS and 5mM AcONH^ , pH 5 and 
eluted with lA AcOff/AcONH^ , pH 2.8, The purified protein 
was dialysed against buffer A. 

Calibration using a Biogel 1>S A gel filtration 

colum.n 

A Biogel 1.5 A column from Bio Had (40cm x 1cm) 
was equilibrated in 50mM Tris/BCl pH 8,0, 50mK NaCi, ImM 
BBTA. The sample was eluted at a flow rate of 3 ml/h and 
XSQpl fractionfs wire collated. The column was calitjrat.^a 
with dextran blue (2,000 kD) , thyroglobulin (699 kD), 
ferritin (440 kD), HDL (285 kD) and aldolase (ISB-kD). The 
Mr of the hybrid protein was determined using 1.25//g of 
[^^*I1-CPA-AI or BOOug of unlabelled CPA-AI, 

lodinatton of proteins 

Proteins were iodinated using rodo-Gen reagent 
(Pierce Chemical Co*), Th iodination reaction contained 
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lOO^g lodo-Gen, Img protein in 200;ul PBS and ImCi carrier 
free Na l^^^I], 16.5inCi///g (Amersham International). After 
10 min at 4^ C- free iodine was separated from the protein on 
a 10 ml Sephadex 650 column. The column was eluted with 
PBS (0.2% BSA) for HOL, transferrin and IgG and 50mH 
Tris/HCl pH 8.0, O.ISM NaCl, ImM EDTA, 0.2% BSA for the 
hybrid protein. The hybrid protein, IgG and transferrin 
were used without dialysis. It was necessary to 
extensively dialyse HDL against PBS, O.SmH EOTA until less 
than 5% of the label was soluble in 10% (w/v) 
trichloroacetic acid. Less than 5% of the label was 
associated with lipid as determined after lipid extraction 
with chlorof orm/methanol . The specific activity obtained 
was 200-400 cpm/ng protein. 

Building assays 

Binding assays on suspension cells were performed 
for 2h at 4''C. To obtain a suspension of Fao cells, the 
monolayers were incubated with PBS, Imll EDTA for 30 min at 
37^ C. These cells or the suspension grown J774 macrophages 
were then washed 3 times by pelleting at lOOOg x 5 min at 
4*^C and resuspending in 3ml Hanks/BSA. Each binding assay 
contained 1 x 10^ cells in 1ml Hanks/BSA and the indicated 
amount of I ^ " II-apoA-l-PA or [^"iJ-HDL. After 2h at 4*^0, 
the cells were washed 4 times in Hanks/BSA, transferred to 
Eppendorf tubes and radioactivity counted in a gamma 
counter. For competition experiments 10//g iodinated ligand 
were competed by 10-800^g of either unlabelled HDL, CPA-AI, 
protein A or transferrin, each of which were added to the 
cells at 4''C, 30 min prior to the addition of iodinated 
ligands. 

Ligand blot of HDL and CPA-Al 

J774 cells (2 x 10*) were washed 2x in PBS and 
homogenized in lOmM Tris/HCl, pH 7.4, O.lmM EDTA. A post 
nuclear supernatant (PNS) was prepared by centrifugation at 
2000g for 10 min. The PNS was extracted with 1% (v/v) 
Triton X-114 (Bordier, J. Bi 1, Chem. 256, 1604-1607, 
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19ai) • The detergent phase was mixed with, an equal volume 
of sample buffer containing dithiothreitol, boiled and then 
alkylated with iodoacetamide. Approximately Img protein 
per lane was applied to a 5-15% SDS polyacrylamide gel. 
The gel was blotted onto nitrocellulose and the bands 
visualized by Ponceau S staining* The nitrocellulose 
strips were quenched for 6 h in Hanks containing 10% (w/v) 
low fat milk powder, LigandSr either [^**II-CPA^AI or 
r^^'^IJ-HDI. at 12,5Ag/ml were bound in Hanks/milk for 16h, 
The Strips weire then washed 4x with Hanks/milk and the 
ligands detected with either rabbit antiserum against: 
human HDLf CPA-AX or protein A (at 1/50 serum dilution) 
washed, and incubated in the presence of anti rabbit igG 
peroxidase which was revealed with the diamincbensidine 
reaction (Burnette/ Anal> Biochem , 112, 195-203, 1981) « 
The dried blot was then exposed to X-ray film. 
Analytical metfaods 

Amino-terminal sequencing was by automated Edman 
degradation performed in a gas-liquid phase micro sequencer 
constructed as described by Frank and Trosin (R. Tschesce 
(editor): Modern Methods in Protein Chemistry,-Vralter de 
Gruyter & Co., Berlin, 287-302, 1985) according to 
Lottspeich ( Hdgpe Seyler^s Z. Physiol. Chem . 361, 1829-1834, 
1980) « To determine the carboxy-terminal sequence of the 
hybrid protein, carboxypeptidase c, A and/or B were used 
according to Tadros et al ( Eur> J. Biochem . 138, 209-212, 
1983). For amino acid analysis the protein was hydrolyzed. 
according to Tadros et al ( Eur^ J> Bioehem ^ 127, 315-318 
1982) and the amino acid composition determined using an 
automated amino acid analyzer {Durrum D-500) • Tryptophan 
and cysteine were not determined* 

For microscopy^ samples of HDL and CPA-Al were 
negatively stained using 2% phosphotungstic acid. Protein 
concentration was assayed by the method of Bradford ( Anal> 
Biochem. 72* 248-254, 1976). 
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RESVLTS 

Construction of plasmid pLMS carrying the gene 
encoding the hybrid protein CPA-AI 

The vector pHIT2T is a derivative of pRIT2 
(Nilsson et al, 1985), designed for temperature- 
inducible expression of intracellular hybrid proteins in E, 
coli. The construct contains the IgG-binding domains of 
Staphylococcal protein A which are under the control of the 
lambda P^^ promoter. A multiple cloning site facilitates 
the insertion of foreign genes at the 3' end of protein A. 
The protein A transcription termination sequence is 
inserted immediately downstream from the multiple cloning 
site. Plasmid pLM3 contains the E. coli lacZ gene fused in 
frame to the mature gene for human apoAl (Monaco et al 
1985). 

The plasmid pLM8/ carrying the fusion between PA 
and apoAI, was constructed as described in Figure 7. The 
949 bp fragment flanked by the restriction sites EcoKI and 
Clal was isolated from pLf!3 and the protuding ends were 
filled in by Rlenow DNA polymerase* The fragment was 
ligated to the Smal linearized pRIT2T. The resulting 
plasmid pLH8 carries an open reading frame, coding for a 
fusion protein of 541 amino acids, composed of the gene for 
protein A at the 5' end and the mature human apoAl gene at 
the 3' end separated by a specific sequence for proteolytic 
cleavage. 

Expression, isolation and purification of the 
hybrid protein 

E# coli cells carrying pLMS in the presence of 
PNF269Q, a compatible plasmid coding for the temperature 
sensitive CI 857 lambda repressor mutant, were capable of 
expressing large amounts of hybrid protein. When grown at 
42"* C, the amount of the induced CPA-AI represents about 20% 
of the total. The apparent Mr of the hybrid protein is, as 

xpected, 62 kD on sps-PAGE. Standard methods for 
extraction (sonication, fre ze-thawing, lysozyme-Triton 
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X-100) provided unsuccessful* A denaturation procedure, 
involving incubation of the sonicated bacteria in 8M urea 
folloved by addition of an alkaline buffer, has been 
adopted. After renaturation by neutralization and 
dialysis r the suspension was centrifuged and the clear 
supernatant contained the fusion protein at greater than 
9<f% purity. Further purif i-cation was achieved by affinity 
chromatography by XgG Sepharose. 

Characterigation of the hybrid protein 

The identity of the hybrid protein was confirmed 
by recognition by a specific apoAt antibody prepared in 
sheep* Protein A does not recognize the sheep antibodies. 

The amino-terminal sequence of the first eight 
amino acids and the carboxy-teri&inal sequence of the last 
three amino acids were in agreement with the known sequence 
of apoAZ and protein A« Also the amino acid composition 
analysis was in agreement with the escpected composition. 

To quantitate the binding of the hybrid protein 
to the cell surface (see below) it was necessary to 
determine its native Mr* This was performed by gel 
filtration using Biogel 1.5 A. The peak fraction from the 
column elution gave a Mr of 316 kD, which corresponds to 5 
times the momomer Hr of 62 k0* The broad profile of the 
hybrd protein elution indicated that other mul timers were 
also present/ as well as a small amount of aggregated 
material in the void voluiae. The average size of 316 kD 
was used as a native Mr for all experiments* This Is^ 
compared to 285 kD for HDli used as standard on the same 
column.. The elution prof ile of the iodinated hybrid 
protein was. similar to that obtained for unlabelled hybrid 
protein, 

HDL and hybrid protein particles were examined 
after negative staining with the electron microscope. The 
micrographs showed a homogeneous population of particles 
with a diameters ranging from 9-12 nm. The hybrid protein 
particles have a slightly larger size than HDL, confirming 



wo 88/03166 



PCr/EP87/00621 



-29- 

the results obtained by gel filtration^ 

Comparison of the biological activity of the 
hybrid protein and HDL 

The hybrid protein purified from E> coli and HDL 
purified from human plasma were used in parallel to study 
their capacity to bind cell surface receptors* Several 
cell types were investigated; a mouse macrophage (J774) and 
a rat hepatocyte (Fao) cell lines* There is evidence that 
these two cell types process HDL differently. Cholesterol 
exchange occurs in macrophages and degradation in 
hepatocytes. 

Binding data at 4 ^C 

lodinated llgands were allowed to bind to the 
cells at '4''C for 2 h. A plateau in the amount bound had 
been reached by 30 min. Competition with SOO^g of 
unlabelled ligand was used to evaluate the amount which was 
non-specific and this value was subtracted from the total 
binding curve to give the value of specific binding. The 
specific binding values were used to calculate the affinity 
by Scatchard analysis (Scatchard, Ann. N.Y* Acad, Sci, 51, 
660-672, 1949). With both HDL and the hybrid protein the 
binding was specific and of high affinity. The high 
affinity binding has a Kd of 2. 8-3. 0x10" for HDL and 
3.5-4.9xlO"*M for the hybrid protein with either the J774 
or Fao cells. The results are shown in Table 2 below, in 
addition, there is a low affinity component not completely 
competed by unlabelled ligand with both the HDL and hybrid 
protein. 

The high affinity binding component in both cell 
types gives a maximal binding of 90-155ng/lxl0^ cells: this 
represents 1.9-3.6x10* sites per cell. The number of 
binding sites per cell and the binding affinities were 
remarkably similar for both HDL and the hybrid protein. 
This suggests that a single receptor is involved and that 
the apoAI component alon can account for the r ceptor 
mediated binding of HDL.. 
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Competition studies 

Additional evidence for the specific binding of 
apoAI comes from competition studies. Both HDL and the 
hybrid protein competed effectively with each other for 
binding to J774 and Fao cells. The competition was 
efficient until the n6n-sp«rcif xe component is reached. 
W'tote'^h A was^ unablre t6 tfoi^e^te? for hyKrl<i peo'tein or HDli 
binding. As an independent control, transferrin was used 
in competition studies • Although transferrin binds via the 
transferrin receptor to th^ cell surface, it pould not 
compete with the binding of HDIi or the hybrid protein.; 
Protein A and IgG binding activities 
Since the hybrid protein also contains protein A, 
it was impo3^tant to determine whether protein A itself 
could bind to the cells. Protein A was iodiriated to 
similar specific activity .and asMyed f o^.. binAkng, to both 
J774 and Fao cells. Even at high: concentrations, of protein 
A (lOO^rg/ml) r specific binding was not detected. The 
amount of cell-associated radioactivity, was less than the 
non-specific binding of the hybrid protein* 

A precaution was necessary in carrying out" these 
experiments with the hybrid protein because J774 cells 
express Fc receptors for XgG. Therefore I^^^U-rabbit IgG 
binds to the pell surface Ec receptors with high affinity 
(Kd « 1x10' When; CPA-AI was bound in the 

presence of rabbit XgG, the amquat of hybrid protein bound 
increased by 2.7 fold, eonversel]^^ when I^^^ 1 1- rabbit igG 
was bound in the prefsence of hybrid protein ^ the binding 
was also increased (1.6 fold). Apparently/ the complex 
between IgG and CPA-Al can Mnd to either the Fc receptor 
or to the HDL receptor. To study only the HDL receptor, 
all the binding experiments were carried out in IgG free 
media* The cells were washed 3 tiiaes in Hanks buffer 
suppl mented with BSA (essentially IgG free) to remove the 
IgG present in the culture medium. 

Charact rizatii^n of the HDL receptor 

J774 ceils were treated with trypsin at 4*C prior 



88/03166 



PCT/EP87/00621 



-31- 

to assaying for binding of HDL, the hybrid protein or 
transferrin. The trypsin treatment did not decrease the 
HDL^or hybrid protein binding. However the binding of 
t 'ij-transferrin was reduced to 38% of the control. The 
HDL receptor is relatively trypsin resistant compared with 
the transferrin receptor. 

To identify the receptor involved in the binding 
of HDL and the hybrid protein a ligand blot was perform d. 
A Triton X-114 extract of a PNS from J774 cells was 
subjected to SDS-PAGE under reducing conditions and 
transferred to nitrocellulose. [*"rj-HDL and [*"l]-CPA- 
Al each bound to a band of about 110 kD. This band was 
identified either directly by visualisation of the I^"lJ- 
labelled ligands on an autoradiograph of the filter or 
indirectly by antibody detection using a rabbit antiserum 
against HDL and visualisation with sheep anti rabbit IgG 
peroxidase. For HDL, there was a very high background f 
iodinated label on the nitrocellulose which obscured th 
. detection of a specific band on the autoradiograph. 
EXAMPLE 3 

Human apoAi is synthesized as a precursor 
protein, preproapo AI of 267 amino acids. The 18 amino 
acids long prepeptide is cleaved during secretion, leaving 
a proprotein denoted proapoAl. ProapoAl consists therefore 
of a six aminoacids N-terminal- extension, Arg-His-Phe-Trp- 
Gln-Gln, followed by the mature protein. 

in order to express proapoAi, the 5' of the apoAi 
gene was synthetically reconstructed as shown in Figure 8. 
A Nde i-Bam HI oligonucleotide coding for the first IS 
amino acids of pcoapo Al including the 6 amino acids 
propeptide was synthesized. The synthetic DNA included an 
Nco I site immediately before- the Bam HI site. An Eco 
Rl-Sal I fragment carrying the trp promoter from plasmid 
PDR720 (Pharmacia, Sweden; Russel and B nn t, G_ne 
20, 231, 1982). was ligat d to a synthetic Sal I-Nde I 
fragment coding for the lambda cll Shine-Dalgarno sequence 
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to obtain the Eco RI-Kde I 107 bp fragment Illustrated in 
the figure » This pNA piece was li gated to the fragaent 
coding for the proapoAI 5' sequence and subcloned into 
M13ap8 (Messing et al, Pr oc . Natl > Acad - ScA , VSX 74^3642, 
1977) to be sequenced. . 

In order to express the recombinant proapoAI , an 
expression vector was constructed as illustrated in Figure 
9. An £co Rl-Nco X fragment harbouring the expression 
signals followed by the 5' end of the proapoAI gene was cut 
from the recombinaitit m3mp8 (See Fig«; 8) and ligated to the 
two following fragments t 

a) the large fragment of plasmid pDSZO (Diiester 
et .al,. Ceil 30, 855, 1982) cut with Eco Rl-Bam HI 

'b) an Nco I-Baia fii fragment from pMLll-20 
containing the rest of the apoAX sequence* 

The resulting plasmid pFC33 was able to express a 
proapoAI protein, or more specifically Ket-^proapoAl/ under 
the trp promoter in an E> coli B strain (Delbruck, 1946 ^ 
Bacterial viruses or bacteriophages Biol, Rev. 21:30-40) » 
For induction, cells were grown overnight in a LB medium 
with ampiciilin. The next day, cells were diluterd into M9 
medium without tryptophan and harvested after 6 hours at 
37^ C. 

Figure 10 shows a gel electrophoresis and an 
immunoblot analysis of proapoAI. Aliquots of bacterial 
cultures were pelleted and resuspended with gel 
e,lectrophore$is buffer in parallel with a standard human 
fraction. After boiling, samples were electrophoresed' dn 
12.5%: SDS-PAGE. Blotting on. nitrocellulose, filter was 
performed as described in Example 1. 



wo 88/03166 



PCT/EP87/00621 



- 33 - 



&3 
ffi 





CO 
















p< 
















u 


>• 












CO 
















z 




M 


1-4 










o 






iJ 










M 


§ 


M 


M 










s 


u 


a 


a 


























3 


o 




















«c z 










«5 




1° 


zo 










1*3 




S M 












< 


cn M 


O fi« 














ft! M 


Z itf 


zSe 












w < 




■5 










< 


Z 


ft* M 














^ 2 




O B* 










M 


O Qi 


a 












s 


4 




^ -c 










ta 


tn 




o . 






Da 






Z B 










z 






S H 


t i< 


t < 






o 




o 


9 a 


e u 


o y 






z 




M 




so 












ca 
















OS 


o» 






.e 


CP 


OS 




>« 








09 






z 




«^ 


w 








SB 


O ' 


A 


A 


A 




A 


A 


A 


M 




t 
1 


1 




1 


1 


1 




1 


1 




1 


1 


1 


< 










o 
















M 


cn 


m 












b 
















M 






o 




^ o 




m 


Q 




O 


CO 






o 


O 


O 




u 


>• 




tn 




u 


z 


< 








< 


flu 


cu 


























m 




















oa 








z 


C9 


fi3 


X 








i 


63 
















CO 




CO 


M 






X 




CO 


e ^ 








< 


3 


&3 


OS CO 


i 


1 






z 






< z 


z 










z 




Z 9 
















z 



























5* 



u 
u 

O 

o 
o 



(9 

b 

9 
4J 

e 

c- 
m 

w 
m 



0) 

c 



a 



CO 
CO 

o 

fr4 



03 

s 

03 
B 



wo 88/03166 



PCT/EB87/00621 



-34- 



Fao or cells 



FaQ 
BDI. 
CFA-Ai 
J774 . 

CPA-AI 



MC 

285f0Q0 
316 r 000 

285,000 
316,000 



Binding Kd 

yq/ml H 

8,6 3,0x10-' 

11.0 3.5x10-' 



8.0 
15.5 



2.8x10"' 
4.dXlO-* 



Hi gh affinity 
Sites/cell 
362^000 
248/000 

190,000 
277,000 
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CLAIMS 

1« An expcession vector capable of expressing^ 
in a transformed host, a protein which is capable of being 
detected by ELISA with anti-huisan apoAl antiserum and which 
has the formula (1) 
Met-x-Y (1) 

wherein X is a bond, a carrier peptide sequence which 
comprises a sequence derived from the N-terminal amino acid 
residues of beta-*galactosidase or a sequence comprising one 
or more IgG-binding domains of Protein A, or the pro 
sequence of human apoAl; and Y represents the sequence of 
human apoAI or a genetic variant thereof. 

2. An expression vector according to claim 1, 
wherein the said protein is Met-apoAI, Met-apoAI-T6 , 
Met-apoAl-Ml or Met-apoAl-T6/Ml. 

3* An expression vector according to claim 2, 
.which is derived from plasmid pFC£4-H. 

4. An expression vector according to claim 3, 
which is plasmid pMLll-20, pIL8-6, plL8-I or pIL8-6I. 

^* An expression vector according to claim 1, 
wherein the carrier peptide sequence comprises a sequence 
derived from up to the first fifteen N-terminal amino acid 
residues of beta-galactosidase • 

6. An expression vector according to claim 5, 
wherein the carrier peptide comprises the sequence 
Thr-Met-Ile-Thr-Pro-Ser-Phe-Asp-Gly-Ser-JMet or 

Thr-Me t-I le-Thr-Asn-Se r-Ar g-Gly-Se r-Me t • 

7. An expression vector according to claim 6, 
which is derived from plasmid pUC8 or pUC9. 

8« An expression vector according to claim 7, 
which is plasmid pIPI, pIPI-6, pIPI-I, pIPI-6l, pRP5, 
pRP5-6, pRPS-I or pRPS-ei. 

9. An expression vector according to claim 1, 
wherein the carrier peptide comprises staphylococcal 
protein A r residues 23 to 270 there f . 

10 « An expression vector according to claim 1, 
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wherein the carrier sequence comprising one or more IgG^ 
binding domains of Frotein A is fused to the sequence of 
human apoAl or a genetic variant thereof via a recognition 
sequence for a proteolytic enayme, 

11 • An expression vector aceording to claim 10, 
wherein the carrier peptide sequence is composed of (the 
first 11 amino acids of the CRO protein of phage 
lamda)^(248 amino acids of staphylococcal protein A 
(residues 23 to 270) i-CPro-(Jly-Asp-Ser-Thr)-lthe last 17 
amino acids- of beta-galactosidase)-(the 17 amino acids 
which contain a recognition sequence for the proteolytic 
enzyme entecokinase and which are Gly-Asp-P*ro-^Glii-Phe--val- 
Asp-Asp--Asp-Asp-^Iiys-Ser--Ser--Arg-Gly--Ser-Met ) • 

12« An expression vector according to claim 1, 
wherein the carrier peptide sequence comprises one or more 
IgG^binding domains, of Protein A and which is derived from 
plasmid p£iH3» . 

13. An. expression vector according to claim 12, 
which is plasmid pLM8:. 

14. An expression vector according to claim 1, 
wherein the pro sequence of human apoAI is fused to the 
sequence of human apoAI or a genetic variant thereof and 
which is derived from plasmid pPS20. 

15*^ An expression vector according to claim 14, 
which is plasmid pPC33. 

16. A host which has been transformed with an 
expression vector as defined in cl^im 1 and in which 
thereby a protein of formula (X) as> defined in claim 1 is 
capable of being e^pTressed^. 

17. A ho;St aj:cording to claim 16, wherein the. 
host is a Strain of E, coli > 

18t a process for producing a protein which is 
capable of bating detected by ELISA with an anti-human apoAl 
antiserum, which process comprises culturing a transformed 
host as defined in claim 16 and recovering the said protein 
thus obtained. 

19. A protein which is capable of being detected 
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by BLISA with anti-huaan apoAl and which has the formula 
Met-X-Y (1) 

wherein x is a bond, a carrier peptide sequence which 
comprises a sequence derived from the N-terminal amino acid 
residues of beta-galactosldase or a sequence comprising one 
or more IgG-binding domains of Protein A, or the pro 
sequence of human apoAi; and y represents the sequence of 
human apoAI or a genetic variant thereof. 

20. A protein according to claim 19, which is 
selected from Met-apoAI, Het-apoAl-T6 , Met-apoAl-MI and 
Met-apoAI-T6/Ml. 

21. A protein according to claim 19, wherein the 
amino acid sequence «et-Thr-Met-Ile-Thr-Pro-Ser-Phe-Asp- 
Gly-Ser-Met is fused to an apolipoprotein selected from 
apoAl, apoAl-T6, apoAi-Ml and apoAi-T6/Mi. 

22. A protein according to claim 19, wherein the 
amino acid sequence Met-Thr-Met-lle-Thr-Asn-Ser-Arg-Gly- 
Ser-Met is fused to an apolipoprotein selected from apoAl, 
apoAI-T6, apoAI-MI and apoAl-T6/Ml. 

23. A protein according to claim 19, which is 
composed of (the first 11 amino acids of the CRO protein of 
phage lambda )-{ 248 amino acids of staphylococcal protein A 
(residues 23 to 270) )-(Pro-Gly-Asp-Ser-Thr)-( the last'l7 
amino acids of beta-galactosdase)-( the 17 amino acids which 
contain a recognition sequence for the proteolytic enzyme 
enterokinase and which are Gly-Asp-Pro-Glu-Phe-Val-Asp-Asp- 
Asp-Asp-Lys-Ser-Ser-Arg-Gly-Ser-Met)-(apoAl, apoAl-T6, 
apoAl-«i or apoAl-T6/Mi ) . 

24. A protein according to claim 19, which is 
Met-proapoAl . 

25. A pharmaceutical composition comprising a 
protein as defined in claim. 19 as active Ingredient and a 
pharmaceutically acceptable carrier or diluent. 
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27 54- 
CAT GAA CCC CCC CAG AGC CCC TQQ GAT CGA GTQ AAG GAC CTQ QCC ACT GTG TAC 
Asp Qiu Pro Pro Gin Sttr Pro Trp Asp Ar9 Vol Lya A^p La\t Alo Thr V/al Tyr 



Bl 106 
QTQ GAT GTG CTC AAA GAC AGC GQC AGA GAC TAT GTG TCC CAG TTT GAA GGC TCC 
^^oi Asp Vol Leu ly& Asp Bar Gl/ Arg Asp T/r Vol Ser Gin Phe Glu Gly Ser 



135 162 
OCC TTO GGA AAA CAG CTA AAC CTA AAG CTC CTT GAC AAC TGG GAC AGC GTG ACC 
Alo teu 01 y tys Gin tSu Aon Leu l^s Leu Leu Asp Asn Trp Asp Ser Vol Thr 



iSd 216 
TCC ACC TTC AGC AAG CTG CGC GAA CAG CTC GGC CCT GTG ACC CAG 6AG TTC TGG 
Ser THr Phe Ser Lys Leu Arg Glu Gin Leu 01 y Pro Val Thr Gin Glu Ph Trp 



243 270 
GAT AAC CTG GAA AAG GAG ACA GAG GGC CTG AGG CAG GAG ATG AGC AAG GAT CTQ 
Asp Asn Leu Glu Lys Glu Thr Glu Gly LSu Arg Gin Glu MET Ser Lys A^p Leu 



»7 324 
GAG GAG GTG AAG GCC AAG GTG CAG CCC TAC CTG GAC GAC TTC CAG AAG AAG TQQ 
Glu Glu Uol LyS Ala LyS vol Gin Pro Tyr Leu Asp A&p Phe Gin Ly^ LyS Trp 



351 378 
CAG GAG GAG ATG GAQ CTC TAC COC CAG AAG GTG * GAG CCS CTG CGC GCA GAG CTC 
Gin Qiu Glu MCT Glu Leu Tyr Arg Gin Ly^ \JaX Glu Pro Leu Ar9 Al^ Glu LGu 



405 432 

CAA GAG GGC GCG CGC CAG AAG CTG CAC GAG CTQ CAA GAG AAG CTG AGC CCA CTG 
Gin Qlu Gly Ala Arg Gin Ly£ Leu Hi« Giu Leu Gin Glu Lys Leu Ser Pro Leu 



459 486 
GGC GAG GAG ATG CGC GAC CGC GCG CGC GCC CAT GTG GAC GCG CTG CGC ACG CAT 
Gly Giu Glu MET Arg Asp Ar9 Ale Arg Alo His ^Ql Asp Ala Leu Arg Thr Hi^ 



513 540 
CTG GCC CCC TAC AGC GAC GAG CTQ CGC CAG CGC TTG GCC GCG CGC CTT GAG GCT 
Leu Ala Pro Tyr S^r Asp Glu Leu Arg Gin Arg Leu Alo Ala Arg Leu Glu Aid 



567 594 
CTC AAG GAG AAC GGC GGC GCC AGA CTQ GCC GAG TAC CAC GCC AAG GCC ACC GAG 
Leu Ly6 Clu Aen Gly Giy ^la Arg Leu Al^ Qlu Tyr H16 Al^ Lys Ala Thr Giu 



621 . 648 

CAT CTG AGC ACG CTC AGC GAG AAQ GCC' AAG CCC GCG CTC GAG GAC CTC CGC CAA 
HtS Leu Ser Thr Leu Ser Giu Ly^ Ala Lym Pro Ala Leu Glu A^p Leu Arg Gin 



675 702 
GGC CTQ CTQ CCC GTG CTG GAG AGC TTC AAG GTC AQC TTC CTG AGC GCT CTC CAQ 
Giy Leu Ldu Pro V^l Leu Qiu Sir Phe Lys Vdl Ser Phe Leu S^r Aicf Leu Giu 



729 

CAG TAC ACT AAG AAQ CTC AAC ACC CAG T6A 
Qiu Tyr Thr Lys Ly3 Leu A«fl Thr Gin 
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